We present a catalog of 97 spectroscopic redshifts of z<1 galaxies in the Hubble Deep Field South (HDFS) and its Flanking Fields (FFs). In the HDFS proper, we observed approximately half the galaxies brighter than I 814 (AB)=24 and obtained redshifts for 76% of them. Targets in our HDFS sample were preselected to be at z<1 based on photometric redshifts, while in the FFs a simple magnitude cut was used. The photometric redshift pre-selection in the HDFS resulted in a spectroscopic success rate that is significantly higher than in the FFs, where no pre-selection was applied. The RMS precision of our redshift measurements, determined from repeat observations, is δz=0.0003. We present the photometry and redshifts for the 97 objects for which we secured spectroscopic redshifts and describe the basic properties of this sample.
INTRODUCTION
Redshifts of distant galaxies are a fundamental tool in observational cosmology. Via Hubble's law, redshifts tell us distances, and thereby let us calculate physical properties of distant objects, such as their sizes and luminosities. Moreover, redshifts allow us to compute lookback times, thus letting us use the telescope as a time machine by telling us the cosmic epoch at which we are observing the objects of interest.
The Hubble Deep Field South (HDFS; Williams et al. 2000) contains some of deepest and most extensive multi-wavelength imaging ever carried out in the southern hemisphere (Casertano et al. 2000 , Labbé et al. 2003 ). However, while over 150 spectroscopic redshifts have been measured in the area of the northern Hubble Deep Field (Cohen et al. 1996; Steidel et al. 1996; Lowenthal et al. 1997) , to date only a relatively small number of HDFS spectroscopic redshifts has been secured (46 redshifts, including work in preparation, of which 29 are at z<1; see Vanzella et al. 2002) . In the present paper, we present a catalog of spectroscopic redshifts in the HDFS and its Flanking Fields which we obtained as part of our study of faint galaxies at moderate redshift, z≈0.5. To permit a study of the internal kinematics of these galaxies (G. Mallén-Ornelas & M. Sawicki, in preparation), we obtained moderately high dispersion spectrosopy, while to maximize our yield, we pre-selected HDFS spectroscopic targets (though not those in the FFs) by using photometric redshifts to exclude from the spectroscopic sample galaxies likely to be at z>1. Because of this pre-selection procedure, our spectroscopic sample should not be regarded as unbiased and we encourage the reader to consider the possible implications of this pre-selection bias should they use our catalog in their work; with this caveat, we believe that the redshift catalog we present will prove useful in studies of galaxy formation and evolution, as well as other follow-up work on the HDFS.
Our photometry, photometric redshifts, and target selection procedures are described in § § 2.1 and 2.2. The spectroscopic observations and reductions are described in § § 2.3 and 2.4, respectively. A basic characterization of the resulting spectroscopic redshift sample is given in § 3. The relevant photometric and spectroscopic data are compiled in Table 1 .
THE DATA

Photometry
Our photometric catalog was generated in a manner nearly identical to that produced for the northern Hubble Deep Field by Sawicki, Lin, & Yee (1997) ; the only significant difference was that while the earlier HDF-North work used the V 606 -band image for object detection, here we used the I 814 -band image. All object detection and photometry was carried out using the PPP image analysis software (Yee 1991) on the HDFS images which we obtained from the STScI website. Table 1 gives positions and photometry of all those objects for which we subsequently secured spectroscopic redshifts. Column 1 gives the object ID, while columns 2-6 give the celestial coordinates (derived from the world coordinate system embedded in the Version 1 images) as well as the pixel positions within the image (HDFS or FF) in which the object is located.
I 814 "optimal aperture magnitudes" were computed within "optimal apertures" whose sizes were optimized to give the highest S/N for each object based on its photometric curve of growth (see Yee 1991) . These optimal aperture I 814 -band magnitudes were then corrected to account for the small amount of light outside of the optimal apertures by extrapolating the growth curves using aperture corrections based on the growth curves of bright reference stars. The resulting aperture corrected magnitudes are the I 814 -band "total" magnitudes of the objects. The I 814 -band total magnitudes were placed on the AB scale (Oke 1974) using the zero-points provided on the STScI HDFS website, and are listed in column 7 of Table 1 . For HDFS objects, colors were computed with reference to the I 814 -band via "color aperture magnitudes": For each object and bandpass, the "color aperture" used for computing colors was the smallest of (1) the object's optimal aperture in that bandpass, (2) its optimal aperture in the I 814 -band, and (3) an aperture of 1.55 ′′ (39 pixels) diameter. Total magnitudes in V 606 , B 450 , and U 300 bands were then computed by scaling the I 814 -band total magnitudes using the colors computed within the color apertures; the V 606 , B 450 , and U 300 total magnitudes are listed in columns 8-10 of Table 1 . No U 300 , B 450 , or V 606 magnitudes are given for objects in the FFs since these were only observed in the I 814 -band.
Target selection
In the HDFS proper, where multicolor data were available, we used photometric redshifts to help us efficiently select targets for spectroscopy. We derived photometric redshifts using the same technique as that used by Sawicki et al. (1997) in their study of the evolution of the galaxy luminosity function and history of cosmic star formation in the northern Hubble Deep Field. This photometric redshift technique identifies the most likely redshift of an object by comparing its observed U 300 , B 450 , V 606 , I 814 fluxes with model fluxes generated from a combination of empirical and model galaxy spectra (for a detailed description of this procedure see Sawicki et al. 1997) . The resultant photometric redshifts of HDFS galaxies are listed in column 11 of Table 1.
Target selection was done so as to maximize the yield of objects with bright emission lines for our internal kinematics study of faint galaxies. Specifically, we required an emission line to be visible in our spectroscopic wavelength window, which usually meant that z 0.9. In the HDFS proper, we gave highest priority in slit assignment to blue galaxies with z∼0.5 and I 814 (AB) 24; we also gave preference to galaxies whose major axes were roughly perpendicular to the dispersion direction, such that slits could placed at or near the major axis of the galaxy. Once all possible targets meeting these criteria in a given mask were assigned slitlets, the remaining slitlets were allocated to objects that were redder, or fainter, but always with z phot 0.9 since for higher z there would be no detectable emission lines in our wavelength range. In many cases, additional, serendipitous objects fell onto slitlets and were identified a posteriori during data reduction; if these objects yielded robust redshifts, they, too, were included in our catalog. Overall, however, our goal was to obtain moderate S/N emission-line spectra for our galaxy internal kinematics survey rather than to measure a large number of redshifts of faint objects. We observed 89 objects in the HDFS proper, and 104 objects in the Flanking Fields, including both targetted and serendipitous objects.
Spectroscopic observations
Spectroscopy was obtained at the VLT using the FORS2 spectrograph on the Kueyen (UT2) and Yepun (UT4) 8.2m telescopes. Observations were carried out in visitor mode over two observing runs -in 2000 July 27-30 (hereafter Run 1) and 2002 July 14-17 (hereafter Run 2). Each run was four half-nights long, although during Run 1 we lost one half-night to telescope fault. Atmospheric transparency was very good during both runs, with seeing ranging over 0. 4-1.4 ′′ during Run 1 and 0.7-1.7 ′′ during Run 2.
The field of view of the FORS2 instrument in its standard resolution configuration is 6.8 ′ ×6.8 ′ in the MOS mode (Run 1) and 6.8 ′ ×5.7 ′ in the MXU mode (Run 2), and so is significantly larger than the 2.6 ′ ×2.7 ′ L-shaped footprint of the HDFS. Aligning FORS2 along the diagonal of the HDFS -with the dispersion direction approximately NE-SWensured that approximately half of the slitlets in each mask were available for HDFS targets with the remaining half going to objects in the Flanking Fields. We adopted this mask orientation whenever possible (9 out of 13 masks in Run 1, and all 4 masks in Run 2).
During Run 1 the MXU custom slit-mask mode was not yet available. We therefore had to use FORS2 in MOS mode, which consists of nineteen 22.5 ′′ -long mechanically movable slitlets which can be reconfigured quickly during the night. Consequently, our observing strategy during Run 1 was to reconfigure the MOS slit masks throughout the night, excluding from new masks any objects which we deemed to have already accumulated sufficiently high S/N for our kinematics program, or which had no trace of emission lines detected in 1-2 hours of exposure time. Most masks had 9 slits on HDFS objects and 5-9 FF objects, plus 3 additional objects outside the HDFS or its Flanking Fields. Many objects were observed on more than one mask. Typical exposure times were 3600s or 4500s per mask and we observed a total of 13 masks. Total integration time was 14 hours.
During Run 2 we used the MXU custom slit-mask mode of FORS2, which resulted in a substantial multiplex gain, as we were able to observe 43-50 slitlets per mask, with 22-30 of those slits allocated to HDFS objects. For the purpose of our internal kinematics program, we aligned the MXU slits with the major axis of each galaxy whenever the galaxy shape could be discerned in the HST image. Because in the MXU mode slit masks had to be designed and manufactured more than a day ahead of the observations, our observing strategy was simply to include the fainter targets in multiple slit masks, while placing the brightest objects in only one mask each. We observed a total of four MXU slit masks; integration times were 1800-4200s per exposure, with 3600s being very much the norm. We made 20 exposures with a total integration time of 18.7 hours.
During Run 1 we used the GRIS 600R+24 grism and order separation filter GG435+81, with the standard resolution collimator. With 0.5 ′′ -wide slits the resolution was R∼2460, or 120 km/s -sufficient to resolve the [O II]λ3727 doublet, which has a separation of 224 km/s between components. This allowed us to unambiguously secure spectroscopic redshifts even in those cases where only the [O II]λ3727 feature was present in our spectral range. During Run 2, we used grism GRIS 1400V+18 for two masks, and GRIS 1200R+93 with order separation filter GG435+81 on another two masks. We used custom-milled slit masks with 0.6 ′′ slitlets, which gave us spectral resolution R∼3500, or ∼85 km/s, which clearly resolved the [O II]λ3727 doublet.
Data reduction and determination of redshifts
Data reduction was done using IRAF 3 . In both Runs and 1 and 2, spectral frames were bias-subtracted, and were then excised into individual 2-D spectra for each slitlet. Wavelength solutions were derived using arc lamp lines for all objects and the spectra were re-sampled into wavelength-calibrated 2-D spectra using IRAF tasks IDENTIFY, FITCO-ORDS and TRANSFORM. The angled-slit spectra of Run 2 were rectified column-by-column using spectral arc lamp lines as part of this wavelength calibration and resampling procedure. Sky lines were subtracted from the wavelength-calibrated 2-D spectra using IRAF task BACKGROUND. Cosmic rays were removed following the procedure described in Ellison, Mallén-Ornelas, & Sawicki (2003) . Finally, one-dimensional spectra were extracted for all objects. Redshifts were determined by simultaneously identifying spectral features in the one-and two-dimensional spectra.
The primary redshift indicators were hydrogen, oxygen, and neon emission lines (see Table 1 ). In most cases where we were able to determine redshifts, it was either by identifying multiple emission lines, or by unambiguously resolving the [O II]λ3727 doublet. In a small number of objects only one emission line was clearly detected but we were able to ascertain its identity, and hence the object's redshifts, through confirmation with absorption lines such as Ca II H and K, G-band, Hη, or Hζ. Finally, in about half a dozen cases, no emission lines were detected, but we identified the objects' redshifts from absorption lines alone. Columns 10 and 11 of Table 1 list the spectroscopic redshifts of our objects and the spectral features with which we identified their redshifts. Note that the list of spectral features is not meant to be an exhaustive list of the features that may be present in each spectrum, but rather an indication of the clear features used for each redshift identification.
For all the objects listed in Table 1 , redshift identifications are robust in the sense that the spectral features used to identify redshifts are strong and unambiguous; we feel that there is little chance of catastrophic errors in the redshifts presented in Table 1 . Typical uncertainty in redshift measurement, as determined by comparing the redshifts derived from different lines in the same spectra, is 0.0001 in redshift. A more robust estimate of the redshift uncertainty can be gained by comparing redshifts derived from repeated observations of the same objects; we observed 23 objects with at least two instrumental set-ups each and found the RMS scatter in redshift determination to be 0.0003. We adopt this latter figure as the representative uncertainty in the redshifts we present. Overall, we observed 193 objects in the HDFS and the Flanking Fields, including both targetted and serendipitous ones, and secured 97 redshifts (listed in Table 1 ) which we consider to be robust in the sense that they are unambiguously identified by either multiple spectral features or the resolved [O II]λ3727 doublet.
Finally, we note that a small number of objects that the PPP photometry package identified as separate galaxies in the HST images were blended in the images and spectroscopy we obtained from the ground. Since it is impossible to reliably assign the spectroscopic redshift to one or the other of the blended objects, we list the blended objects at a common redshift and identify them with asterisks in column 12 of Table 1.
Discussion and Summary
Our spectroscopic sample of z<1 galaxies is the largest such sample in the HDFS and its Flanking Fields. In the HDFS proper, we observed approximately half of all galaxies brighter than I 814 (AB)=24 (including both targetted and serendipitous objects) and were successful in obtaining redshifts for 76% of them; our spectroscopic redshift catalog accounts for about a third of all galaxies in the HDFS that are brighter than I 814 (AB)=24 (see left-hand panel of Fig. 1 ). Figure 2 shows the color-magnitude diagram of all galaxies in the HDFS proper (small points) and illustrates the relationship of our spectroscopic sample to the underlying colormagnitude distribution. Large open circles identify objects which we observed spectroscopically, including both targetted and serendipitous ones. Large filled circles represent galaxies for which we were successful in securing redshifts. Not surprisingly, we are more successful at identifying redshifts for blue galaxies than red ones, a reflection of the fact that blue galaxies tend to be more strongly star-forming and consequently much more likely to have strong, easily identifiable emission lines.
Our overall success rate for redshift identification is substantially higher in the HDFS (52/89=58%) than in the Flanking Fields (44/105=43%). Moreover, as Figure 1 shows, the difference in success rates for faint galaxies is even larger: we secured redshifts for 21/49=43% of 23<I 814 (AB)<25 galaxies in the HDFS, while in the Flanking Fields the success rate for such faint galaxies was only 12/47=26% -i.e., the success rate is 1.7 times higher in the HDFS than in the Flanking Fields. The true success rate for targets pre-selected with photometric redshifts is likely to be even higher, since the HDFS target set contains a mixture of truly pre-selected galaxies and galaxies that have been observed because they were either allocated unused slits or serendipitously fell into slits already assigned to other targets. We regard the high success rate in the HDFS, as compared with the lower success rate in the FFs, as vindication of our approach of using photometric redshifts to efficiently pre-select z<1 candidates for spectroscopy. Pre-selection is particularly important for obtaining a high yield of intrinsically faint galaxies at z<1, since many targets towards the faint end of our apparent magnitude limit will actually be luminous galaxies at z>1 with no detectable spectral features within our wavelength range. Figure 5 shows a comparison between spectroscopic redshifts and our four-filter photometric redshifts in the HDFS; blended objects, as well as the one object with a very large photometric redshift (object # 1551) are omitted here, leaving us with a sample of 48 objects for this analysis. Panels (a) and (b) show a comparison between photometric and spectroscopic redshifts, and the redshift residuals as a function of spectroscopic redshift, respectively. Despite a few outliers, the agreement between photometric and spectroscopic redshifts is very good, as is confirmed by the histogram of the residuals, shown in panel (c). The RMS scatter in the residuals is σ z =0.10, nearly identical to the scatter found by Sawicki et al. (1997) using the same photometric redshift technique in the northern HDF. We note, however, that the spectroscopic sample presented here does not allow for a truly blind test of photometric redshifts as it was pre-selected using photometric redshifts.
The observed redshift distribution in the HDFS and the FFs is shown in Figure 4 . The large number of objects at z=0.4-0.6 results from the combination of pre-selection of z phot ∼0.5 galaxies in the HDFS, our tuning of the FORS2 spectral range towards detecting emission lines -especially [O II]λ3727 -at these redshifts, and the actual redshift distribution of galaxies with I 814 (AB) 24. The observed redshift distribution shows strong clustering in redshift space. This is particularly evident in the z=0.4-0.6 redshift interval, which contains enough galaxies to identify four or five distinct redshift spikes. Such clustering in redshift is common in pencil-beam surveys and has also been noted in the northern HDF (Cohen et al. 1996) .
We summarize this paper as follows:
1. The z<1 spectroscopic redshift catalog presented here is the largest redshift catalog available for the HDFS and its Flanking Fields; it contains 52 redshifts in the HDFS and 45 in the Flanking Fields.
2. All redshifts presented here can be considered robust, since they have been identified using strong, unambiguous spectral features. The typical accuracy of these redshifts is δz=0.0003, as measured from repeat observations.
3. We stress that the catalog is biased towards z∼0.5 galaxies, particularly so in the HDFS proper, where we used photometric redshifts to pre-select targets for spectroscopy.
The reader is encouraged to use this catalog for his/her purposes, but is cautioned to be mindful of the effects that the biases introduced by photometric redshift pre-selection and limited spectral range of our spectra may introduce into the analysis that is being pursued. -The success rate of redshift determination for objects in the HDFS proper, where photometric redshift pre-selection was used (left panel), and in the Flanking Fields, where we did not apply any pre-selection (right panel). The dotted histograms show the number of objects observed in each subsample and the solid histograms give the numbers of objects where we secured spectroscopic redshifts. In the left panel, the thin solid curve shows the number counts of all HDFS galaxies scaled down by a factor of 2: we observed approximately a half of all HDFS galaxies to I 814 (AB)=24 and obtained redshifts for 76% of them. Fig. 2. -The colors and magnitudes of our sample compared to the HDFS as a whole. The small points show the colors and magnitudes of all the HDFS objects in our photometric catalog. The open circles show those objects for which we obtained spectroscopy, while the filled circles show those objects for which we secured redshifts. In this Figure, each blended object has been assigned the magnitude of its brightest component object in the HST image. Fig. 3. -Examples of our spectra, The pabels are in order of increasing I 814 magnitude. The strongest sky subtraction residuals were masked out, although weaker ones were retained as were single-pixel noise spikes. Spectral features used for redshift identifications are indicated. Inset panels show on expanded scale, both in 2-and 1-D, regions around the [O II]λ3727 doublet. Fig. 4 .-Redshift distribution of objects with secured spectroscopic redshifts in the HDFS and Flanking Fields. The bin size of the histogram is ∆z=0.01. While the strong clustering on small scales is real, the overabundance of objects at z=0.4-0.6 is due to a combination of our photometric redshift pre-selection in the HDFS, the tuning of the FORS2 spectral range towards detecting emission lines from galaxies in this redshift range, and the actual redshift distribution of I 814 (AB) 24 galaxies. 
